Observational data in the BVRI bands of the variable BL Lacertae Object S5 0716+714 is discussed from the point of view of its Power Spectral Distribution (PSD). A model of the type P (f ) = βf
Introduction
Extensive observational and theoretical efforts have been made in order to explain IntraDay Variability (IDV) in some classes of Active Galactic Nuclei (AGN). While variations in luminosity on scales of an year or more may be explained through processes usually associated with gravitationally supported Keplerian disks, the significant variations that occur on a timescale of less than a day are yet unexplained. There is almost an unanimous consent that explaining variations on all timescales is equivalent to proposing a robust angular momentum transport mechanism.
The object BL Lac S5 0716+714 was observed in numerous campaigns and in different wavelengths and is one of the most manifestly variable source in the AGN class (Wagner & (Wagner & Witzel 1995; Poon et al. 2009 ) and close IDV correlations between radio (at 6 cm wavelength) and optical (at 650 nm wavelength) have been reported (Wagner et al. 1996; Wagner et al. 1990 ; Quirrenbach et al. 1991) . Krichbaum et al. (2002) discuss 15 years of observations for 40 sources and report the first detection of mm band IDV for S5 0716+714. We emphasize on the flaring character, as no or little evidence for periodicity has been found. Qian (1995) reported that behavior changed from quasi periodic daily to less periodic weakly oscillations and Quirrenbach et al. (1991) report transitions from one dominant IDV scale to another. Krichbaum et al. (2002) find that above 8GHz the variability index increases with frequency. Qian et al. (2006) report this object in a study of IDV sources with very high polarizations. This indicates the presence of uniform background magnetic fields in the source.
When such a wealth of observational data is at hand, one may use it to discriminate between theoretical models (as e.g. Kraus et al. 1999 ). Quirrenbach et. al. (1992) comment that the correlated variations in simultaneous optical and radio variability cannot be explained by the action/interaction with the InterStellar Medium (ISM). Qian et al. (1996a; 1996b) comment that shock propagating in an oscillatory jet might explain IDV and correlation between radio and optical IDV. Kirk & Mastichiadis (1992) propose models based on injection and acceleration of particles. Begelman, Rees & Sikora (1994) refines the relativistic jet model to explain the high brightness temperature theoretically associated to IDV. The model successfully reproduces the observed spectral index variations.
Chandra et al. (2011) discuss variability in optical BVRI bands during a 5 day monitoring campaign in March 2010. They present light curves and calculate variation rates. The fast variations and the high amplitudes in magnitude are difficult to explain through accretion disk models. If variation in the Doppler factor is allowed, the shock in jet framework might explain the bluer when brighter behavior, but it cannot explain the microvariability (i.e. variability on timescales of a few tens of minutes).
Carini et al. (2011) report B and I bands microvariability for a 5 night observation campaign in March 2003. They perform light curve analysis, timescale analysis, color analysis, structure function analysis and cross correlation analysis. They firmly reject the hypothesis that the observed spectra might arise following electron cooling. Their conclusion is that the observed microvariability is the result of a fractional noise process, i.e. the source of the variations is a turbulent process. Azarnia, Webb & Pollock (2005) analyze a set of 10 nonconsecutive R band light curves by using the Discrete Fourier Transform in order to obtain the possible noise characteristics of the time series. The results they obtained led them to speculate that microvariability is the result of complex turbulent relativistic plasma process.
A very interesting type of IDV analysis is based on the calculation of the fractal dimension of the light curves (Leung et al. 2011b ). The fractal dimension of the R-band observations indicates an almost pure "Brownian noise" (random walk) spectrum.
The purpose of this paper is to discuss the observational data first presented in Poon et al. (2009) from the point of view of its PSD. After presenting (Section 2) the observational data, a detailed PSD analysis of the variability is performed (Section 3). An attempt is made to fit two accretion disk models to the data (Section 4).
Observational data
The data we consider has been recorded in the optical band (more precisely, the BVRI bands) during October and December 2008 and February 2009. These sets of data and the observational technical characteristics have been thoroughly analyzed and discussed in Poon et al. (2009) . There are compelling arguments that the source is variable in the BVRI band and that the flares at different wavelengths are due to the same generating mechanism.
The analysis in Poon et al. (2009) includes the spectral changes this source exhibits, i.e. the way in which the amplitude changes as a function of wavelength, which is equivalent to the Spectral Energy Distribution (SED). We wish to continue their work by introducing Power Spectral Distribution (PSD) analysis in all available wavelengths.
The observational data is presented in 
4. amplitude of variability for each day and for that specific band (Poon et al. 2009 ), calculated here in units of σ
where σ will be given below;
5. number N of data points in that Julian Day (JD) and for that specific band;
6. m, the medium magnitude measured that day
, where m i stands for the magnitude at one point, i = 1, N ; 7. root mean square deviation error σ calculated as N σ = N i=1 m 2 i − m 2 for each day and in that specific band.
PSD Analysis
From the light curves (Poon et al. 2009 ) and the values of the variability amplitudes (the A values in Table 1 ) it is obvious that this BL Lac object presents microvariability in the BVRI bands. Our purpose is to determine the slope of the power spectrum of the variations. To this end, the software R and the bayes.R script are used, designed to detect periodic signals in red noise (Vaughan 2010 ). Periodicity is not expected, but the software is useful in obtaining fits of the slope of the power spectrum.
We will do this for each day of observations. The theoretical working models used by the .R routine (i.e. the available null hypotheses) are power law plus constant:
bending power law plus constant:
power law:
and bending power law:
After running the script for all the days and in each band, Table 2 was obtained, where the columns have the following significance 1. observation day, as defined in Table 1; 2. model used, i.e. one of the four available null hypotheses H i (Eq. 2-5);
3. values of parameter θ 1 = α (the standard deviation is given between the square brackets);
4. values of parameter θ 2 = ln β (the standard deviation is given between the square brackets);
5. values of parameter θ 3 = ln γ (the standard deviation is given between the square brackets). For the H 2 hypothesis there is no third parameter and this was denoted by a − symbol in the appropriate place. When there is no entry for a H i it means that for that specific case the software returned an error;
6. values of parameter θ 4 = ln δ (the standard deviation is given between the square brackets);
7. the (Bayesian) posterior predictive p-value is used for model checking and has the advantage of having no dependence on unknown parameters. It may be used to assess whether the data are consistent with being drawn from the model (Vaughan 2010) . If the values of the statistics are very small it is unlikely that the proposed model could reproduce the data.
As an example of the fits, the time series for V3 ( Fig. 1 ) and the power spectra fit for models H 0 (Fig. 2 left) and H 2 ( Fig. 2 right) and models H 1 (Fig. 3 left) and H 3 ( Fig. 3 right) are shown here.
Some comments are in order regarding the results of the PSD analysis. First, the bending power law null hypotheses (H 1 and H 3 ) fail to produce results in most of the cases. As seen in Table 2 , for the cases where they do produce results, the standard mean deviations of the parameters are a lot bigger than for H 0 and H 2 .
Secondly, while the correct interpretation of the parameter set {θ 2 , θ 3 , θ 4 } can provide valuable information, we will be interested in the PSD slope, i.e. θ 1 ≡ α.
Our interest follows from the known fact that the numerical values of the slopes of the PSD provide insight to the nature of the mechanism leading to the observed variability. In statistical analysis, if X is some fluctuating quantity, with mean µ and variance σ 2 , then a correlation function for quantity X is defined as
where X s is the values of X measured at time s and denotes averaging over all values s. The Power Spectral Distribution is defined based on the correlation function as
and it is straightforward to see its importance in terms of the "memory" of a given process. For example, if X is the B band magnitude of the disk, the slope of the PSD of a time series of X provides insight to the degree of correlation the underlying physical process has with itself. The system needs additional energy to fluctuate and this mechanism is historically best explained for Brownian motion, in which case the energy is thermal. Brownian motion produces a PSD P (f ) ∼ f −2 . Completely uncorrelated evolution of a system produces white noise, with a PSD P (f ) = f 0 = const. It is then very interesting to try and explain how does a system evolve so as to produce a PSD for which α is neither 0 nor 2, as is the case for the time series discussed in this paper.
With this in mind, we now look at the θ 1 and p B columns from Table 2 . From each observation day we want to emphasize on the value of the PSD slope which satisfies both minimum standard mean deviation and maximum p B criteria. However, this is not the case for all entries in the Table. In order to choose a value for the spectral slope (written in boldface in the Table) 5. for time series which fall in neither category we favor the maximum p B criterion (6 time series). This would be the case of, e.g., V9.
With these considerations, the data provides slopes with values ranging from 1.083 to 2.65, with medium values for each band of α B = 2.028, α V = 1.809, α R = 1.932 and α I = 1.54 respectively.
It might prove to be an interesting exercise to do a histogram of these values (Fig. 4  left) to have a visual description of the validity of the power-law behaviour of the PSD. This is a pretty good result, showing that at least for this data set we may consider that the PSD behaviour of the source is well fitted by a power-law. This is a conclusion that becomes even more clearer if one views cases 1,2 and 5 as one group and updates the histogram as in Fig. 4 right. 
Theoretical models
Historically, there have been attempts to explain the variability through external effects e.g. RISS (Refractive Scintillation in the interstellar medium) (Wambsganss et al. 1989 ), microlensing (Wagner & Witzel 1995) or based on source morphology, e.g. a cluster of independently radiating objects (Krolik 1999 , page 76). However, most of them fail because they do not predict the entire range of effects associated with variability.
A number of models study variability in the framework of efficient angular momentum transfer within the accretion disk, assuming that perturbations in this mechanism are responsible for the IDV. Mechanisms of angular momentum transfer may be conceptually divided in three different classes (Papaloizou & Lin 1995) based on the fundamental behaviour of the disturbance: hydromagnetic winds, waves in disks mechanism and thermal convection. None completely reproduces the observed characteristics of IDV. 
Magneto Rotational Instability
The MagnetoRotational Instability (MRI, Balbus & Hawley 1991) is the most promising mechanism yet, its strength residing in the combination of differential rotation and the presence of an initially weak magnetic field. This approach has been systematically developed in the last few years to include theoretical and numerical discussion of various magnetic field configurations both in the linear and nonlinear regimes , 1992a , 1992b In order to qualitatively test the effect of MRI onset on the emergent spectrum, we propose the following reasoning. Theoretically, the emergent spectrum is proportional to the first power of the Reynolds-Maxwell stress tensor (Blaes 2002 ). The definition of this stress tensor, in the context adopted by us here is given in Balbus & Hawley (1998) . Its value presents a dependency of the type exp{−3/λ}. It is further assumed that λ, the wavelength of the disturbance, is also the observed wavelength. We calculated a medium flux for each wavelength for the entire observational campaign, and plotted Ln (λF λ ) as a function of the frequency corresponding to observed wavelength (Fig.5  left) . The same algorithm was followed for a day of observations where data were available in all filters, i.e. for JD 2454866 (Fig. 5 right) . In both cases, according to theory, we would expect a linear dependency, of the type y ∼ −3x which was not found. In fact, following this simple analysis, not even the linear character of the dependency is confirmed. An attempt to fit a function y = ax + b to the data produced R 2 = 0.657 for the entire observational period and R 2 = 0.649 for JD 2454866.
The Shakura Sunyaev disk
The disk model presented by Shakura and Sunyaev in a series of papers (Shakura & Sunyaev 1973; 1976) starts from fundamental equations for geometrically thin disk accretion and perturbs these equations. They solve for the perturbations in surface density and height and express the total luminosity of the disk in terms of these perturbations. 
For generally accepted numerical values for super-massive black holes, i.e. d = 10 and b = 10 9 , and considering that the variability timescale is four hours, the constraint becomes
Numerical simulations for the coefficient α place its value somewhere around 10 −2 . The result in Eq.9 can be considered as a success of the model. It was already known that this mathematical formalism works but the problem still remains why it works, i.e. put the value of the coefficient of firm physical grounds.
However, based on recent data (Fan et Fan et al. (2011) . With the benefit of this hindsight, we make the following argumentation, in order to obtain a "rule of thumb" to quickly asses whether or not a set of observational data may be explained by the standard disk model. Starting from Eq. 8 and considering d ∈ [5, 10] a relation between τ , b and α SS is obtained
If validity of the standard model is assumed, we must impose α SS < 1, which means that the ratio of the black hole mass to the variability time scale should be saturated at a finite value
This rule is very restrictive if one considers that typical values for b for AGNs are of the order 10 7 − 10 10 and that IDV refers to timescales too small compared to those needed to satisfy relation 11.
Modelling IDV in a stochastic turbulence framework
A stochastic process is defined as a process where one or more of the variables of interest (called random variables) have some degree of uncertainty in their realization. At its base, stochastic modelling analyzes the evolution of some random variable and of its distribution function, with the aid of Langevin type equations and the FockerPlanck equation. Efforts to explain IDV in this framework are being developed. Leung et al. (2011a) take the random variable as the height of the disk and the stochastic component of the Langevin equation is set to mimic the interaction of the disk with a background cosmic environment.
If the random variable is taken to be the magnitude in one of the BVRI bands, three types of analysis of observational data, namely structure function analysis (Carini et al. 2011 ), fractal dimension analysis (Leung et al. 2011b ) and DFT analysis (Azarnia et al. 2005 ) plus our own analysis establish that the source is turbulent, i.e. there is "intrinsic" noise superimposed on the deterministic behaviour of the source. The actual nature, onset and dissipation of turbulence is still a topic of discussion (Shakura & Sunyaev 1976; Balbus & Hawley 1998) . At this point one can only speculate, but one educated guess is that the stochastic reconnection process proposed by Lazarian & Vishniac (1999) is an important part in producing of IDV. This process has proven successful in explaining fast and energetic in events over a large range of lengthscales.
Conclusions
The spectral slope and Bayesian confidence p-parameter for the BVRI bands observational data (Poon et al. 2009 ) were calculated. This was done for four null hypothesis available in the .R software (Vaughan 2010 An attempt was made to explain the data in the context of two accretion disk models, the Shakura-Sunyaev disk and a magnetized disk exhibiting MRI. For standard AGN parameters the effective Shakura-Sunyaev parameter, α SS , is within the theoretically correct interval, i.e. smaller than 1. However, if the new observational data of Fan et al. (2011) is taken into account, the hypothesis that IDV is produced within the disk is clearly not valid, since it would produce an α SS with values well above 1. A naive rule of thumb to quickly assess wether or not IDV exhibited by some timeseries is produced within the standard prescription is derived, Eq. 11. The attempt to fit the data within an MRI framework was also unsuccessful, Fig. 5 
